Background: Blood culture results are frequently used to guide antibiotic decision-making, but culture contaminants need to be distinguished from true pathogens. Aims: To assess the contamination rate of blood cultures and validate a method to distinguish between true bacteraemia and contamination. Methods: We analysed blood culture results from children who were admitted to the paediatric ICU and paediatric wards at the Sardjito Hospital, Yogyakarta, Indonesia between December 2010 and February 2013. For each positive culture result, the type of isolated organism, time to positivity, and the number of positive culture sites were considered to classify the isolate as representing a true bacteraemia or contaminant. Results: There were 1293 cultures obtained from blood and 308 (23.8%) were positive for bacterial growth. Fifty-three (4.1%) of the total cultures drawn fulfilled criteria for contaminants. The most common blood culture contaminants were coagulase-negative staphylococci. Conclusion: Using standardized criteria, it is possible to implement a working method to identify true nosocomial infection from blood culture contaminant, and thus limit the effect of contaminated blood culture on irrational antibiotic use.
I N T R O D U C T I O N
The development of bacteraemia has major significance for hospitalized children, increasing morbidity and the risk of mortality several-fold. Nosocomial infections are common in hospitalized children in developing countries but often go undiagnosed. Blood culture results are frequently used to direct antimicrobial therapy [1] , but differentiating a true pathogen from a contaminant can be challenging. Blood cultures are frequently contaminated by skin flora inoculated into the blood culture medium at the time of blood collection. The rational use of antibiotics based on culture results would be helped by a standardized method to distinguish true pathogens from contaminants. This would also assist countries to have standardized surveillance systems for community-and hospital-acquired bacterial infections.
This study aimed to assess the contamination rate of blood cultures using standardized criteria, and in doing so evaluate the feasibility of a method to distinguish between true bacteraemia and a contaminated blood culture.
M E T H O D S

Setting and time
The blood culture results from the children who were admitted to the paediatric intensive care unit (PICU) and paediatric wards (one infectious ward and one non-infectious ward) at the Dr Sardjito Hospital, Yogyakarta, Indonesia between 1 December 2010 and 28 February 2013 were analysed.
Data collection
Specimens were taken for bacterial culture when nosocomial infection was suspected. Where appropriate to the clinical situation, cultures were taken from blood specimens. Nosocomial bloodstream infections (BSIs) were defined using the US Centers for Disease Control and Prevention (CDC) criteria. All isolates of a pathogen cultured from blood collected >48 h after hospitalization were considered as nosocomial BSI when there were corresponding clinical symptoms of infection and there was no contamination. If the same organism was found on repeat blood cultures collected within 14 days, the isolates were counted as one infection episode.
Culture-positive nosocomial BSI must meet at least one of the following criteria: (i) the patient had an organism cultured from one or more blood cultures unrelated to another site of infection; or (ii) the patient had at least either fever (>38.5 C) or hypotension and positive laboratory results not related to another site of infection and common skin contaminant organisms [i.e. diphtheroids (Corynebacterium spp.), Bacillus (not Bacillus anthracis) spp., Propionibacterium spp., coagulasenegative staphylococci (including Staphylococcus epidermidis), viridans group streptococci, Aerococcus spp., Micrococcus spp.] on culture from two or more blood samples drawn on separate occasions; or (iii) patients aged 1 year had at least one of the following signs or symptoms: fever (>38.5 C), hypothermia (<36.5 C), apnea and bradycardia, as well as positive laboratory results not related to another site of infection and common skin contaminant organisms [i.e. diphtheroids (Corynebacterium spp.), Bacillus (not B. anthracis) spp., Propionibacterium spp., coagulase-negative staphylococci (including S. epidermidis), viridans group streptococci, Aerococcus spp., Micrococcus spp.] on culture from two or more blood samples drawn on separate occasions [2] .
We used standard culture techniques that had been validated using BACTEC V R 9120 (BD Diagnostics, Sparks, MD, USA). Bacterial isolation and antibiotic susceptibility testing were performed according to Clinical Pathology standard procedure [3] .
When obtaining blood cultures, the skin was cleaned using 70% isopropyl alcohol from the centre to the periphery of the needle insertion site after the vein was palpated. This was followed by cleaning with 2% of iodine tincture or povidone-iodine, and the site was left to dry. A non-touch method was used, meaning that when venipuncture site had been sterilized, the skin should not be touched. When the vein needed to be palpated, sterilization of skin over the vein was conducted. For blood cultures, 3-5 ml of blood was obtained and inoculated into a culture bottle. Before inoculating the culture bottles, the tops were disinfected with 70% alcohol. Blood culture bottles were processed in a semi-automated blood culture system.
Assessment criteria for blood culture contaminants
True pathogen was defined combining of blood culture plus clinical and laboratory indexes. These included positive blood culture (presence of bacteria) plus hypothermia or hyperthermia and leucocytosis or leucopenia or immature-to-total neutrophil ratio (IT ratio) > 0.2 or hypotension [4] .
For each positive culture result, the type of isolated organism, time to positivity, and the number of positive culture sites were considered to determine if the isolate was a contaminant ( Table 1) .
The organisms that were considered as potential contaminants include coagulase-negative staphylococci, Corynebacterium species, Bacillus species other than B. anthracis, Propionibacterium acnes, Micrococcus species, viridians group streptococci, enterococci and Clostridium perfringens [4] .
Time to culture positivity was defined as an interval from specimen collection and examination to a positive bacterial culture result. Cultures of potential contaminants that became positive after >5 days were considered as likely contaminants. We also considered as a contaminant different organisms growing on the same culture set. If we considered any potential contaminant, such as coagulase-negative Staphylococcus, then it was assumed that the same organism grows on multiple culture sets. However, if any true pathogen grew once, then that was considered sufficient.
Outcome measure
The proportion of contaminated blood culture results was defined as the culture isolates classified as contaminants divided by the number of all blood samples taken.
Data analysis
Data were analysed using STATA V.12.1 (StataCorp LP, Texas, USA). Contaminated blood culture results were presented as proportions. The v 2 statistic was used to analyse the results when comparing proportions. A probability value <0.05 was considered to denote statistical significance.
R E S U L T S
During the study period, there were 1293 cultures obtained from blood. In total, 308 cultures (23.8%) were positive for bacterial growth ( cultures and 4.1% of all blood samples) drawn were contaminants (Table 3) . The proportion of blood culture contamination in the PICU was similar to the non-infectious wards of 3.7% (24 of 651) and 3.4% (7 of 205), respectively. In the infectious ward, the proportion of contamination was higher at 5% (22 of 437) ( Table 3 ). The most common blood culture contaminants were coagulase-negative staphylococci followed by Streptococcus spp., Pseudomonas aeruginosa and other Pseudomonas spp. (Table 4) .
We showed the proportion of clinical and laboratory indicators in children with a contaminant or a true pathogen. These indicators included hypothermia <36 C or hyperthermia 39 C, peripheral leukocyte < 4000/ml or >20 000/ml, IT ratio >0.2 or hypotension (Table 5 ).
D I S C U S S I O N
False-positive contaminated culture results are a significant problem in clinical practice. Blood culture contaminants should be identified, as significant healthcare costs and effects on patient outcomes can occur from the over-use of antibiotics and extended hospital stays [5] .
In this study, approximately a quarter of all blood cultures obtained were positive. Even though lowlevel bacteraemia is generally common in children [6] , the positive rate in our study was high compared with a study in Taiwan, which had a positivity rate of 4.2% of all performed cultures [7] . This low positivity might be explained by low organism concentration because of smaller blood volumes collected from children [6] . Other possible explanations could be prior antibiotic treatment, the severity of disease, different patient populations, and different species and strain of organisms that lead to transient or intermittent bacteraemia [6, [8] [9] [10] . To increase the true positivity of culture results, the use of antibiotic-adsorbent resin may be added to the medium [11] .
In the paediatric population, a smaller volume of blood is often sufficient compared with adults because the number of organisms per millilitre of blood is larger [9, 11] . However, an adequate amount of blood should be taken, depending on the patients' body weight, which is 1-2 ml in neonates, 2-3 ml in infants, 3-5 ml in children and up to 10 ml in adolescents [9] .
The proportion of contaminated blood cultures in this study, with the standardized definition we used, was acceptable. Previous studies recommended that the proportions of blood culture contamination should not exceed 3%; however, contamination rates reported in hospitals ranged from 0.6 to 6% [4, 12] , and it is likely that in routine settings outside trial conditions, the contamination rates may be even higher. Our findings correspond with previous studies where the reported contamination rates were 3.4% [6, 7] . Coagulase-negative staphylococci were the most common contaminants in our study. This was similar to other studies where gram-positive bacteria were common, representing skin contaminants [13] [14] [15] . In 3.8% of cases, we identified gram-negative bacteria as contaminants based on our criteria. These patients were directly admitted from the community rather than also including patients who had spent some time in hospitals, as in our study.
We included several standardized criteria to indicate a contaminant, and these criteria reflect the factors behind blood cultures becoming contaminated: when the yielded pathogen may be part of skin flora, or isolated after prolonged incubation or there is more than one bacteria isolated in the culture [4, [11] [12] [13] [14] .
Time required for the organism to grow is shorter in children with nosocomial BSI compared with children with contaminated blood cultures. This indicates a higher bacterial concentration in the blood among children with true BSI than those with contaminated cultures. A review conducted by Myllote and Tayara indicates that isolating the organism after 5 days incubation increases the probability of culture results being contaminated [16] . A study conducted in Taiwan also suggests that a 5-day incubation period is more efficient in identifying true pathogens and cost-effective in settings with limited resources [17] .
Ideally, two or three sets of blood cultures should be taken within 24 h because this increases the yield of detecting a pathogen in the blood. This also increases the probability of detecting pathogens when there are low levels of bacteraemia. However, obtaining multiple blood cultures in a child is challenging, when the procurement technique is not easy and when healthcare resources are limited. Some high-yield studies of bacteraemia have been done with only a single blood sample collected [18] .Weinstein et al. [14] indicated that the first blood culture detected 91.5% of all bacteraemia, and a second blood culture detected an additional 7.8%.
Adequate skin disinfection reduces the probability of contaminated culture results, although around 20% of skin flora is not removed even after disinfecting [12] . Insufficient skin preparation leads to skin contaminants, such as coagulase-negative staphylococci in blood cultures [11] . Direct collection from a vein rather than an intravenous catheter also reduces contamination rates [13, 15, 19] .
In our study, clinical indicators of infection or systemic inflammation are associated with true bacteraemia and fungaemia [14] . Because of this finding, clinical and laboratory markers should be included to distinguish blood culture positivity from contamination.
In our study, only a single blood sample was collected in most patients to diagnose a nosocomial infection. However, in the paediatric setting, this may be appropriate, as taking blood more than once leads to additional costs, discomfort and time, and adds minimal value when the volume of blood culture is adequate [9] .
C O N C L U S I O N S Differentiating contaminated blood cultures from true bacteraemia is essential to ensure the validity of nosocomial infection diagnosis. Our criteria are simple to apply and represent a valid workable algorithm for identifying true bacteraemia from blood culture contamination.
To reduce contamination and improve the yield of true bacteraemia in children in settings with limited resources, blood samples should only be taken when bacterial infection is clinically suspected, the skin should be disinfected properly before taking blood samples and percutaneous collection from a vein rather than a venous catheter should be the standard method. Applying this method and these criteria for identifying true bacteraemia from contaminants would save significant healthcare costs and improve patient care.
